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Immediate versus delayed angioplasty in
infarct-related arteries with TIMI Il flow
and ST segment recovery: a matched
comparison in acute myocardial infarction
patients

Abstract Background Early management of patients with patent
infarct-related artery (IRA) and optimal ST resolution in ST elevation
myocardial infarction (STEMI) has never been assessed. We compared
immediate vs delayed PCI in these patients. Methods Matched
comparison of immediate vs delayed (24 h) PCI in STEMI patients
presenting with patent IRA, thrombus-containing lesion and ST resolu-
tion >70%. Patients were matched for duration of symptoms, interven-
tion type, angiographic data, diabetes. Patients in immediate PCI group
received standard therapy in the cathlab. Patients in delayed PCI group
received dual antiplatelet therapy, antithrombins, and GPIIb-IIIa inhib-
itors until PCI. Primary endpoint was procedural success. Secondary
endpoints were enzyme release and in-hospital adverse events. Results
Seventy-eight patients were included: 39 per group. Average age 62 years,
75% males. There was a significantly higher procedural success rate in the
delayed PCI group (95% success, Vs. 77% in the immediate group,
P = 0.008). Initial thrombus burden score did not differ between
immediate and delayed PCI groups, but improved significantly in the
delayed group between baseline angiography and time of PCI
(P = 0.039). There was no difference in major adverse events or bleeding
complications between groups. Peak CK levels were significantly higher
in the immediate versus delayed PCI group (P = 0.02), although there
was no difference between groups in peak CK-MB, peak troponin, or
peak CK-MB ratio. Conclusion Our data suggest that in STEMI patients
with patent IRA, optimal ST-segment resolution, and thrombus-contain-
ing lesion, deferred PCI when patients are given dual antiplatelet therapy,
antithrombin agents, and GPIIb-IIla inhibitors results in a higher
procedural success rate, without an increased risk of MACE.

Key words ST elevation myocardial infarction - percutaneous
coronary intervention - thrombolysis - reperfusion -
GP IIb-IIIa inhibitor

Abbreviations CABG: Coronary artery bypass graft surgery, IRA:
Infarct-related artery, LMWH: Low molecular weight heparin, MACE:
Major adverse cardiac events, MI: Myocardial infarction, MLD: Minimal
lumen diameter, PCL: Percutaneous coronary intervention, STEMI: ST
elevation myocardial infarction, UFH: Unfractionated heparin
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Introduction

The treatment of ST-segment elevation myocardial
infarction (STEMI) has substantially evolved over the
past ten years, due to the improvement in pharma-
cological and mechanical reperfusion strategies. Per-
cutaneous coronary intervention (PCI) has emerged
as the strategy of choice for re-establishing effective
flow in occluded infarct-related arteries (IRA) in pa-
tients suffering from ST elevation myocardial infarc-
tion (STEMI). Several studies have shown the
superiority of PCI in this indication over thrombol-
ysis [1, 3, 5], but there has never been any assessment
of the best strategy for early management of patients
referred for primary or rescue PCI, and who present
with patent IRA, thrombus-containing lesion and
optimal ST-segment recovery at diagnostic angiogra-
phy.

While immediate PCI is often the preferred
strategy in this situation, distal embolisation is still
observed in approximately 15% of patients after
primary PCI, and is associated with incomplete ST-
segment resolution, increased necrosis volume and
poor outcome with an 8-fold increase in 5-year
mortality [12]. To date, results achieved with
thrombectomy or distal protection devices as an
adjunct to immediate mechanical reperfusion in
evolving STEMI have been disappointing. In addi-
tion, early administration of GP IIb/IIla inhibitors
appear to improve coronary patency in some studies,
but are often administered relatively late, at the time
of PCI [8, 16]. Recent data from the CLARITY and
EXTRACT TIMI-25 studies showed that pre-treat-
ment with clopidogrel and low molecular weight
heparin (LMWH) reduced the incidence of major
adverse cardiac events (MACE), improved patency of
the IRA before PCI, and prevent early reocclusion [2,
21, 22]. In this context, delaying PCI by 24 h may
seem to be a suitable alternative, although recurrent
MI is observed in 5%-8% of patients within the first
30 days [18].

Therefore, we aimed to compare immediate
(<12 h) versus delayed (24 h) PCI in STEMI patients
referred for primary or rescue PCI, and presenting
with TIMI 3 flow IRA, thrombus-containing lesion,
and complete ST-segment resolution (=70%) at diag-
nostic angiography.

Methods
Study population
We examined the timing of PCI in STEMI patients

admitted to our Department between January 2004
and January 2007. Patients were included in the

comparison if referred for primary or rescue PCI for
acute STEMI (<12 h after onset of symptoms), with-
out cardiogenic shock. Further inclusion criteria were
presence of TIMI 3 flow, thrombus-containing lesion
grade 2, 3 or 4 at diagnostic angiography, as well as
ST-segment resolution >=70% [6, 11]. Patients who
underwent PCI within 12 h were assigned to the
“immediate” group, and matched with similar pa-
tients in whom PCI had been delayed by 24 h (“de-
layed PCI” group). The decision to delay PCI was at
the operator’s discretion at the time of diagnostic
angiography. The sheath was left in place for 24 h
while awaiting delayed PCI.

Endpoints

The primary endpoint of the study was procedural
success, defined as final diameter stenosis <30%;
TIMI 3 flow; and no occurrence of slow flow, no-
reflow or distal embolisation. The secondary objec-
tives were enzyme release, and in-hospital major ad-
verse cardiac events (MACE defined as death,
recurrent ischaemia, target vessel revascularization or
bleeding). Bleeding was classified according to the
TIMI criteria [18].

Electrocardiographic analysis

Each patient had paired electrocardiograms (ECGs) at
diagnosis and immediately before initial coronary
angiogram. ST-segment recovery was defined as the
percent reduction in the summed ST-segment eleva-
tion score between ECGs obtained at diagnosis and
immediately before initial coronary angiogram
according to Schroeder classification [11]. ST-seg-
ment elevation was calculated 20 ms after the J point.
The sum of ST-segment elevation was calculated in
leads I, aVL, and V, through V¢ for anterior myo-
cardial infarctions, and leads II, III, aVF, V5, and Vg
for non anterior myocardial infarctions. ST-segment
recovery was considered as optimal when assessed as
270%.

Angiographic analysis

At diagnostic angiography, epicardial blood flow was
assessed by TIMI flow grade, and corrected TIMI
frame count [6, 11]. Slow flow was defined as a de-
crease in TIMI flow from 3 to 2 during the procedure,
no-reflow was defined as TIMI flow decreasing from 3
to either 0 or 1 during the procedure. Thrombus
burden grade was defined according to Gibson et al.
[10]. Only patients with a thrombus-containing lesion
grade 2, 3 or 4 at diagnostic angiography were
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included. In brief, in TIMI thrombus grade 0, no
cineangiographic characteristics of thrombus are
present; in TIMI thrombus grade 1, possible throm-
bus is present, with such angiography characteristics
as reduced contrast density, haziness, irregular lesion
contout, or a smooth convex “meniscus” at the site of
total occlusion, suggestive, but not diagnostic of
thrombus; in TIMI thrombus grade 2, there is definite
thrombus, with greatest dimensions <1/2 the vessel
diameter; in TIMI thrombus grade 3, there is definite
thrombus but with greatest linear dimension >1/2 but
<2 vessel diameters; in TIMI thrombus grade 4, there
is definite thrombus with the largest dimension 2 vessel
diameters; and in TIMI thrombus grade 5, there is total
occlusion. Distal embolisation was defined as convex
filling defect, partially or completely obstructing a
coronary vessel distal to the culprit lesion [12].

In-hospital medication

Prior to initial diagnostic angiography, all patients
were treated with aspirin (500 mg iv followed by
75 mg administered orally once daily), and clopido-
grel (300 mg loading dose followed by 75 mg once
daily). All patients received enoxaparin (30 mg iv
bolus followed by 1 mg/kg subcutaneously every
12 h), except patients older than 75 years or with
renal dysfunction (creatinine clearance <30 ml/min),
who were given unfractionated heparin (UFH; 60 U/
kg, maximum 4,000 U followed by infusion at a rate
of 12 U/kg/h, maximum 1,000 U/h). Enoxaparin (or
UFH) was maintained until hospital discharge.

Fig. 1 Study flow chart

In patients who underwent immediate PCI, abcix-
imab was given only in those referred for primary PCI
(i.e. those who did not undergo initial thrombolysis),
and was maintained for 12-24 h (intravenous bolus of
0.25 mg/kg followed by a continuous infusion of
10 pg/min). In the immediate PCI group, patients
referred for rescue PCI (i.e. those who underwent
initial thrombolysis) were not given abciximab unless
slow flow, no-reflow or distal embolization was ob-
served.

Patients who were assigned to the delayed PCI
group were maintained under enoxaparin (or UFH),
aspirin and clopidogrel until the procedure. In this
group, abciximab therapy was started immediately
after initial diagnostic angiography in patients not
previously submitted to thrombolysis, and within
the first 2 h following initial diagnostic angiography
in those who had initially received thrombolysis.
Abciximab was maintained until delayed PCI

(Fig. 1).

Enzyme release

During the hospital stay, total creatine kinase (CK),
creatine kinase MB (CK-MB), and troponin levels
were routinely checked every 12 h for the first 24 h,
and once daily thereafter. The peak value from 4 to 6
serial measurements up to 48 h after PCI was re-
ported. Patients with elevated CK-MB levels were
stratified into categories according to peak CK-MB
ratio of 0-1, 1-3, 3-5, 5-10 and >10x upper limit of
normal value (ULN), where the peak CK-MB ratio

Pts referred for primary or rescue PCI with TIMI lll flow IRA, ST segment

resolution > 70% and thrombus-containing lesion

Before initial diagnostic angiography:

- Aspirin 500 mg IV + 75mg once daily

- Clopidogrel 300 mg loading dose + 75mg once daily

- LWMH (30mg IV bolus + Tmg/kg SC every 12h) or UFH in pts
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was actual peak CK-MB value divided by the ULN for
CK-MB.

Matching process and statistical analysis

Matching process was performed by a computerized
program. The matching parameters in order of
sequential selection were: (1) delay between onset of
symptoms and initial angiogram; (2) primary PCI or
rescue PCI; (3) lesion site; (4) vessel size reference
diameter + 0.3 mm; (5) diabetes.

Statistical analysis was performed using the Stat-
view statistical package (Statview 5, SAS Institute,
Cary, North Carolina). Quantitative variables are
presented as mean + SD, and categorical variables as
number of cases (percentage). Comparison between
groups was performed by the McNemar test for paired
categorical data. The paired student ¢ test was per-
formed for continuous data. All tests were two sided,
a P value < 0.05 was considered significant.

Results

Between January 2004 and January 2007, a total of 651
patients underwent PCI in the setting of acute myo-
cardial infarction in our institution. Out of this pop-
ulation 429 patients (66%) had rescue PCI and 222
patients (34%) had primary PCI. Immediate PCI was
performed in 589 patients (90.5%), while 62 patients
(9.5%) underwent delayed PCIL In total, 78 patients
were included in the study; 39 in the immediate PCI
group, matched with 39 patients in the delayed PCI
group. Average age was 62 years, and 75% were
males. There were no significant differences between
the two groups in terms of baseline demographic
characteristics (Table 1). According to the protocol
design, there was a significant difference in time to
PCI between groups. In the delayed PCI group,
angioplasty was performed on average 16 h later as
compared with the immediate PCI group. The rate of
thrombolysis was 41% in the immediate PCI group
and 46% in the delayed PCI group (P = 0.65).

Angiographic and procedural results

The baseline angiographic and procedural data were
similar in both groups, as shown in Table 2. In par-
ticular, there was no significant difference between the
two groups in terms of corrected TIMI frame count or
thrombus score. Thromboaspiration or distal pro-
tection devices were used in only 23% of patients in
the immediate PCI group, compared with 15% of

Table 1 Baseline clinical characteristics

Immediate PCI Delayed PCI P

(n=39) (n =39)
Age (years) 60 + 15 64 + 11 0.06
Male gender 29 (74%) 30 (77%) 0.79
Diabetes 7 (18%) 8 (21%) 0.78
Hypertension 19 (49%) 17 (44%) 0.65
Dyslipidemia 24 (62%) 25 (64%) 0.82
Anterior MI 18 (46%) 18 (46%) 1
Multivessel disease 21 (54%) 17 (44%) 0.36
Onset to angiogram (h) 53+ 22 55+ 21 0.82
Onset to PCl (h) 55+ 13 21.1 £ 54 <0.00001
Primary PCl 23 (59%) 21 (54%) 0.80
Rescue PCl 16 (41%) 18 (46%) 0.65

PCl percutaneous coronary intervention, M/ myocardial infarction

patients in the delayed PCI group (P = 0.39). Con-
versely, there was a significant difference in the rate of
use of glycoprotein IIb/IIIa inhibitors, as all patients
in the delayed PCI received abciximab, compared to
only 49% in the immediate PCI group (P < 107°).

Table 3 shows the post-procedure angiographic
results. All patients underwent PCI and stent
implantation, except four patients who no longer had
significant coronary stenosis at the time of the de-
layed procedure. A significantly higher procedural
success rate was achieved in the delayed PCI group,
with a 95% success rate, compared to only 77% in
the immediate PCI group (P = 0.008). This higher
procedural success rate was related to a significant
reduction in distal embolisation (—71%; P = 0.008)
and no reflow or slow flow (—83%; P = 0.03) during
PCI. Consequently, TIMI 3 flow was significantly
more frequently observed at the end of the procedure
in the delayed PCI group. Corrected TIMI frame
count was significantly reduced by 55% in this group,
as compared with the immediate PCI group.

Table 2 Baseline angiographic and procedural data

Immediate PCl Delayed PCl P
(n =39) (n =39)
Lesion site
Left anterior descending 18 (46%) 18 (46%) 1
Circumflex 9 (23%) 9 (23%)
Right coronary artery 12 (31%) 12 (31%)
Lesion length (mm) 10.8 + 5.6 103 + 3.9 0.64
Reference diameter pre-PCl 295 £ 0.6 3.01 £0.8 0.78
(mm)
MLD pre-PCl (mm) 0.98 + 0.5 1.01 £ 0.3 0.70
% diameter stenosis pre-PCl 68 + 12 64 £ 12 0.23
Corrected TIMI frame count 13.6 £ 43 148 £ 5.7 0.57
Thrombus score 3+0.74 35+ 0.75 0.12
Thrombectomy or distal 9 (23%) 6 (15%) 0.39
protection
Abciximab use 19 (49%) 39 (100%) <107

PCl percutaneous coronary intervention, MLD minimal lumen diameter
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Table 3 Post-procedural angiographic data Table 4 In hospital adverse events
Immediate PCI  Delayed PCI P Immediate PCl Delayed PCl P
(n = 39) (n = 39) (n =39) (n =39)
P 39 (100%) 35 (90%) 0.04 Death 1 (2.6%) 1 (2.6%) 1
Direct stenting 20 (51%) 22 (62%) 0.32 Recurrent ischemia 2 (5.2%) 1 (2.6%) 0.56
Reference diameter post-PCl (mm) 3.08 + 0.5 324 £ 06 027 Emergency CABG 0 0 -
MLD post-PCl (mm) 263 £ 0.5 28506 0.12 Re-PCl 1 (2.6%) 1 (2.6%) 1
% diameter stenosis post-PCl 157 + 8 1347 0.21 TVR 1 (2.6%) 1 (2.6%) 1
TIMI 3 flow 35 (90%) 39 (100%) 0.04 Major bleeding 1 (2.6%) 2 (5.2%) 0.56
Corrected TIMI frame count 26.5 + 16 118+36 002 21 of the above 4 (10%) 4 (10%) 1
Distal embolisation 7 (18%) 2 (5%) 0.008 LVEF at discharge (%) 535+ 12 531 £ 11 0.87
No reflow or slow flow 6 (15%) 1 (3%) 0.03 Hospital stay (days) 6.3 + 23 6.8 + 2.6 0.73
Procedural success 30 (77%) 37 (95%) 0.008

PCl percutaneous coronary intervention, MLD minimal lumen diameter

Thrombus burden score was similar between
groups at baseline angiography. Conversely, there was
a significant improvement in thrombus burden in
patients in the delayed PCI group between the time of
baseline angiography at presentation, and the time of
the PCI procedure, 24 h later. In the delayed PCI
group at baseline angiography, there were 17%, 39%
and 44% of patients with thrombus scores 2, 3 and 4
respectively, compared to 62%, 20% and 18% for
scores 2, 3 and 4 respectively at the time of PCI,
P = 0.039 (Fig. 2).

In-hospital adverse events

Overall, there was no significant difference in MACE
between patients submitted to immediate PCI and
those in whom PCI was delayed (Table 4). No ische-
mic event occurred in the delayed PCI group between
initial angiography and postponed coronary inter-
vention. There was one death, and one target vessel
revascularization in each group. Two patients in the
immediate PCI group suffered recurrent ischemia,
compared to only one patient in the delayed PCI
group. In all three patients, recurrent ischemia oc-

| OScore=2 [@Score=3 M Score=4 | P=0.039

1

62

701 P=0.91

o4 [ 1

Immediate group Delayed group at Delayed group
at baseline baseline just before PCI
angiogram angiogram

Fig. 2 Thrombus burden score evolution

PCl percutaneous coronary intervention, CABG coronary artery bypass graft
surgery, TVR target vessel revascularisation, LVEF left ventricular ejection frac-
tion

curred after PCI (whether immediate or delayed).
Control angiography showed normal IRA patency and
acute stent thrombosis in the two immediate PCI
patients, and a large flow-limiting dissection in the
delayed PCI patient. Conversely, one patient suffered
a major bleed in the immediate PCI group, compared
to two major bleeds among patients submitted to
delayed PCI (2.6% Vs. 5.2%, P = 0.56). There was no
emergency coronary artery bypass graft surgery in
either group. Four patients in each group suffered
more than one adverse event. Left ventricular ejection
fraction was similar in both groups at discharge, at an
average of 53%, and length of hospital stay was also
similar, at an average of 6.5 days.

Peak CK levels were significantly higher in the
immediate versus delayed PCI group (1,634 + 810 Vs.
1,215 + 745, immediate Vs. delayed, P = 0.02), but
there was no difference between groups in peak CK-
MB, peak troponin, or peak CK-MB ratio.

Discussion

Our data would suggest that in STEMI patients pre-
senting with patent IRA, optimal ST-segment resolu-
tion, and thrombus-containing lesion, PCI can safely
be deferred for approximately 24 h when patients are
given dual antiplatelet therapy, antithrombin agents,
and GPIIb-IIIa inhibitors. In this setting, deferred PCI
results in a higher procedural success rate, fewer
angiographic complications, without an increased risk
of MACE or bleeding. Peak CK levels were signifi-
cantly higher in the immediate vs delayed PCI group,
although there was no difference between groups in
peak CK-MB, peak troponin, or peak CK-MB ratio.
Although several studies have shown the superi-
ority of PCI over thrombolysis in this indication,
immediate PCI is associated with distal embolisa-
tion, and can lead to reduced myocardial reperfu-
sion, more extensive myocardial damage, and a poor
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prognosis [12]. On the other hand, delaying PCI
incurs the risk of recurrent ischemia, myocardial
infarction, or death, likely due to abrupt reocclusion
[18]. Both these scenarios unfavourably impact long-
term outcome. Data from the CARESS in AMI study
recently reported that high risk patients presenting
with evolving STEMI who undergo thrombolytic
therapy, should be transferred for PCI early after
thrombolysis, regardless of the success of thrombo-
lytic therapy [20]. However, the results of this study
may not apply to the specific management of pa-
tients presenting with TIMI III flow IRA, optimal
ST-segment resolution, and thrombus-containing
lesion, particularly in patients who were not sub-
mitted to thrombolytic therapy. In addition, it
should be underlined that approximately half of our
study patients were not submitted to thrombolytic
therapy.

To date, several mechanical and pharmacological
approaches have been evaluated in the setting of
acute STEMI, in order to optimise myocardial
reperfusion and reduce procedure-related complica-
tions [4, 6, 11, 14, 15, 17, 26]. Myocardial protection
devices are a logical approach in this setting. How-
ever, based on current knowledge, results with
thrombectomy or distal protection devices are con-
flicting [28]. A recent randomized trial suggested
that thrombectomy performed as routine therapy in
primary PCI may have potentially deleterious effects,
resulting in an increased final infarct size [13]. The
Thrombus Aspiration during Percutaneous coronary
intervention in Acute myocardial infarction (TAPAS)
Study found that thrombus aspiration resulted in
improved myocardial reperfusion compared with
conventional PCI, and may reduce the 1-year clinical
mortality [27, 29].

In contrast, considerable progress has been made
in recent years in the pharmacological approach to
myocardial reperfusion, and prevention of reocclu-
sion. Adjunctive abciximab therapy has been re-
ported to improve the rate of IRA patency and to
reduce the risk of reinfarction in STEMI patients,
although reduced mortality with abciximab has only
been observed in association with primary PCI [8,
16]. Moreover, in the FINESSE trial, pre-PCI treat-
ment with abciximab did not significantly improve
IRA patency and short-term outcome [20]. In our
study, the longer duration of abciximab therapy
could explain the significant improvement in
thrombus score observed in patients in the delayed
PCI group, who were maintained under aspirin,
clopidogrel and LMWH while awaiting their PCI
procedure. Indeed, four patients no longer had
significant coronary stenosis at the time of the de-
layed procedure, the thrombus score having de-
creased from 4 to 2 in all four cases. The proportion

of grade 2 thrombus burden increased from 17% to
62% between baseline angiography and PCI proce-
dure in the delayed PCI group, undoubtedly con-
tributing to the significantly higher success rate
achieved among delayed PCI patients (77% Vs. 95%,
immediate vs delayed PCI, P = 0.022). These find-
ings reinforce the results of Di Pasquale et al. [9]
who recently found in a comparison that delayed
PCI was as effective, and possibly even superior to
immediate PCI in STEMI patients.

Antithrombin agents are routinely used as part of a
pharmacologic reperfusion regimen, because they are
associated with a higher rate of IRA patency after
initial fibrinolysis and a lower rate of recurrent
myocardial infarction, even though they have not
been reported to enhance initial clot lysis. After suc-
cessful fibrinolysis, reocclusion can occur in 5%-8%
of patients during index hospitalisation, almost tri-
pling mortality [18]. The risk of reocclusion is related
to the underlying degree of stenosis and residual
thrombus. In this setting, low molecular weight hep-
arin has emerged as an attractive alternative to UFH.
In EXTRACT TIMI 25, enoxaparin significantly re-
duced the relative risk of reinfarction at 30 days,
whereas UFH has not been shown to prevent reoc-
clusion after successful fibrinolysis [2, 28].

Sabatine and co-workers [21, 22] recently showed
that pre-treatment with clopidogrel in STEMI patients
can significantly reduce the occurrence of MACE and
improve patency in IRA before PCI. It is likely that
this helps to maintain a stable hemodynamic state,
leaving the drugs time to take effect, and giving the
lesion time to “cool off” [7]. Clopidogrel appears to
improve late coronary patency and clinical outcomes
by preventing reocclusion of open arteries rather than
by facilitating early reperfusion [7, 24]. This could
explain why we did not observe any angiographic
reocclusion between initial coronary angiogram and
delayed PCIL. In the setting of PCI, platelet activation
is immediate [23] and therefore may be incompletely
suppressed if clopidogrel is initiated only at the time
of PCI [21].

The use of dual antiplatelet therapy, GP IIb/Illa
inhibitors plus antithrombin agents may have com-
bined to create a safe environment for delaying PCI
without recurrent ischaemic events. In this context,
deferring PCI for 24 h in STEMI patients with TIMI 3
flow in the infarct related artery, and optimal ST
resolution appears to be a suitable alternative ap-
proach.

Limitations

This study was conducted retrospectively, and treat-
ment assignment was not randomised. In addition,
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the sample size is quite limited, and there is some
heterogeneity in the population due to the amalgam of
both rescue and primary PCI patients. Furthermore,
the different treatment strategies obviously entailed
different treatment regimens, and thus, there is also
some heterogeneity between groups in terms of the
medication administered.

Blush grade was not evaluated since this study was
designed retrospectively. Although normal TIMI III
flow grade does not necessarily mean that microvas-
cular flow and myocardial perfusion have been nor-
malized, complete ST-segment resolution has been
reported to appropriately reflect optimal distal tissue
perfusion [19, 25].

Lastly, there was a very low rate of use of thromb-
ectomy or distal protection devices in this population,
which could have influenced the outcome.
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